Temuco and Pudahuel are two urban areas in Chile that are among the highest in particulate matter (PM 10 ) air pollution in Chile. In fact, Temuco is also classified as one of the most polluted cities in Latin America by the World Health Organization. Both cities show important differences in the sources of this PM 10 pollution. For Temuco, a southern city, the main source is the residential wood combustion (RWC), and for Pudahuel, located in the central zone, the main sources are mobile and point sources. The relationship between PM 10 air pollution and health effects measured as the daily number of deaths and hospital admissions for cardiovascular and respiratory causes was determined. The Air Pollution Health Effects European Approach (APHEA-2) protocol was followed, and a multivariate Poisson regression model with gam.exact algorithm was fitted for these cities during [2001][2002][2003][2004][2005][2006]. The results show that PM 10 had a significant association with daily mortality, where the relative risks (RR) for cardio respiratory mortality of the elderly age group was 1.0126 [95% (CI: 1.0004-1.0250)] at Temuco and 1.0086 [95% (CI: 1.0007-1.0165)] for Pudahuel when PM 10 increased by 10 µg/m 3 . For the hospital admissions due to chronic obstructive pulmonary disease (COPD), the RR were 1.0198 [95% (CI: 1.0030-1.0369)] at Temuco and 1.0097 [95% (CI: 1.0000-1.0204)] at Pudahuel. There is evidence in these cities of positive relationships between ambient particulate levels and the rates of mortality and morbidity for cardiovascular and respiratory causes; being the excess risk 47% and 104.1% higher in Temuco than Pudahuel for cardiorespiratory mortality of the elderly population and COPD hospital admissions, respectively. These results demonstrate that there is greater risk when people are exposed to air polluted with wood smoke.
INTRODUCTION
Chile occupies a long, narrow coastal strip between the Andes Mountains to the east and the Pacific Ocean to the west of South America. Small coastal mountains are found in the central part of the country, called the Coast Mountains (CM). The climate varies geographically in Chile, ranging from the world's driest desert in the north, to a Mediterranean climate in the central zone, and a rainy climate in the south. The relatively small central area dominates in terms of population and agricultural resources, where the main cities lie between the Andes and the CM.
Weather patterns of the majority of cities in Chile located in the central depression are detrimental to the removal of pollutants from the airshed, especially during fall and winter.
The presence of the Pacific subtropical anticyclone causes for much of the year the emergence of the phenomenon of temperature inversion and a heavy coastal fog. This favors the generation of a very stable layer of air near the surface, which inhibits turbulence and vertical air movement in these basins. During the summer, surface heating allows the erosion of the inversion layer on the airshed, resulting in a significant improvement in the ventilation of these cities.
Pudahuel is an urban area in the western sector of Santiago of Chile with about 300,000 inhabitants, being part of the Metropolitan Area. It has a Mediterranean climate with a long dry season. The maximum and minimum temperatures in summer and winter are usually 30 and 13°C, respectively, while in winter the maximum and minimum are 13 and 2°C, respectively; having a total annual average rainfall of 317 mm (Grass and Cane, 2008) . Based on data collected between 1993 and 1995, in August 1996 the Central Government designated the Metropolitan Region, where Pudahuel is allocated, as a non-attainment area for PM 10 , ozone (O 3 ), carbon monoxide (CO), and nitrogen dioxide (NO 2 ). The principal sources of pollution in this city are automobiles and industry, and in a very small comparative quantity, residential heating.
In contrast, Temuco city, the capital of the Cautín Province and of the Araucanía Region, is located 670 Km south of Santiago (38.5°S) equidistant between the Pacific Ocean and the Andes. Its climate is more humid and temperate than Chile's Central Valley Mediterranean region. Through the year, cyclonic and anticyclonic influences alternate, with a shorter dry summer period than Santiago or other Central Valley cities. Its mean annual temperature is 12°C, with highest median during the warmest month of 23.5°C and lowest median during the coldest month of 3.9°C. Annual mean rain is about 1,157 mm (Arias and Mader, 2010) . Annually, Temuco suffers from severe woodsmoke particulate pollution events, especially during the period from April to September. In fact, almost 80% of the population uses wood for cooking or heating in winter, and it is estimated that 93% of PM 10 annual emissions originate from RWC. In spite that Temuco was declared a nonattainment area due to PM10 in 2005, and whose Atmospheric Decontamination Plan was enacted in 2010 by the President of Chile, still there are no visual advances towards the reduction of days that surpass regulation (Díaz-Robles et al., 2011) . On the contrary, a steady increase of PM 10 is still seen, Fig. 1 . It is necessary to add that recently this city was declared a non-attainment area for PM 2.5 , in daily as well as annual Chilean standards in March 2013.
Health and Particulate Atmospheric Pollution
Particulate matter concentrations produce significant damage to human health. The negative effects of particulate concentrations in the air depend on the physico-chemical composition of the pollutant, its concentration (time and level of exposure) (Pope and Dockery, 2006) , but also due to its atmospheric aerosol size and surface area (Andersen et al., 2010; Belleudi et al., 2010; Branis et al., 2010; Díaz-Robles et al., 2014 effects provoked by the daily exposure variations (Sanhueza et al., 2009) . The results of these studies about mortality and morbidity are consistent in identifying particulates as principally responsible for premature deaths and hospital admissions, with a secondary role for the ozone and other pollutants. Epidemiological models have been based on short and long-term studies, using time series analysis (TSA) and cohort studies (CS), respectively. The magnitude of association between the concentration of atmospheric pollutants with mortality and morbidity of TSA and CS are different. For example, several SDT have estimated relative risks of mortality of less than 1% for an increment of PM 10 of 10 µg/m 3 in the previous day (Pope and Dockery, 2006) . At the same time, the principal CS (Dockery et al., 1993; Pope et al., 1995 Pope et al., , 2002 Pope et al., , 2004 Pope and Dockery, 2006) have estimated relative risks from 4 to 10%, due to the increase of PM 10 to 10 µg/m 3 over several years.
Statistical Methods
There are various functional forms that are used for functions of concentration-response (C-R) for TSA models, such as linear models, the Poisson model (log-linear), Cox model (log-linear), and logistic regression, among others. For the regression of Poisson and Cox, the natural logarithm of the response in health is a linear function of the PM concentration or other pollutant, while the logarithmic regression is used to estimate the probability of an occurrence of an adverse health effect, where the natural logarithm of the probability ratio (odds ratio) is a linear function of the concentration of PM or other pollutant. However, for overdispersed counts with daily number of deaths or hospital admissions as outcomes, the Poisson model is recommended for its simplicity to estimate the relative risks (RR) (Dominici and Burnett, 2003; Peng et al., 2006) .
In fact, the semiparametric Poisson regression models with Generalized Additive Model (GAM) parametrization are used in TSA to estimate the increase of the risk for an adverse health effect, such as mortality or morbidity, associated to an increase in atmospheric pollution over a short-term period (Dominici and Burnett, 2003; Dominici et al., 2004; Peng et al., 2006) . The statistical methods most frequently used for TSA with confounding variable adjustment, include regression models with smooth time and temperature functions to adjust for seasonal variations, long-term tendencies and temporary changes in the temperature that can bias the estimation of the health risk .
Atmospheric Pollution and Its Short-term Association with Mortality and Morbidity
One of the first epidemiological TSA studies of acute exposure using PM 10 was carried out in 1985-86 (Dockery and Schwartz, 1992) . A consistent and robust relation between exposure to particulate matter and lung cancer and other cardiovascular illnesses is published in over 90 epidemiological studies in humans on an international level (Lipsett and Campleman, 1999; Pope et al., 2002; Pope et al., 2004; Krewski et al., 2005; Dominici et al., 2006; Pope and Dockery, 2006; Jimenez et al., 2009; Mate et al., 2010; Nitta et al., 2010; Jimenez et al., 2011; Cao et al., 2012; Lopez-Villarrubia et al., 2012) . Adverse effects due to prolonged exposure to high concentrations of particulate matter are also observed in susceptible groups of the population, such as asthma sufferers, children, and the elderly (Fischer et al., 2003; Tainio et al., 2005; Cakmak et al., 2007; Jimenez et al., 2009; Jimenez et al., 2011) .
A compilation of the principal international epidemiological studies about atmospheric pollution by particulate matter can be found in four important works (Dab et al., 2001; Samet, 2002; Pope and Dockery, 2006; Nitta et al., 2010) . Recent, publications concentrate on studies that incorporate various cities, by which uniform statistical analyses are generated for daily databases Katsouyanni, 2003; Dominici et al., 2005; Peng et al., 2005; Analitis et al., 2006; Ostro et al., 2006; Wong et al., 2008; Chen et al., 2012) . The advantage of these analyses is the uniform statistical approximation and the exclusion of biases, because all of the data is presented for specific cities.
It has been found that ultra-fine particles (UFP), particles with an aerodynamic diameter equal or less than 100 nm, can deeply penetrate the lungs and enter into the bloodstream, taking with it toxins to the rest of the body (Donaldson et al., 2001; Nemmar et al., 2002; Biswas and Wu, 2005) . Within the body, these toxins can affect the respiratory, cardiovascular, and other systems (Pope et al., 2004; Delfino et al., 2005; Krewski et al., 2005; Schulz et al., 2005; Sioutas et al., 2005; Zanobetti and Schwartz, 2005) . UFP dominates the number of particulates and surface area, principally in the emissions from combustion systems, and is capable of carrying high concentrations of adsorbed or condensed toxic pollutants (Ibald-Mulli et al., 2002; Delfino et al., 2005; Sioutas et al., 2005) . The UFP is a significant fraction that can be characterized by the number of the particles, however, UFP exposure data and health effects are still scarce (Andersen et al., 2008; Lefranc and Larrieu, 2008; Andersen et al., 2010; Belleudi et al., 2010; Leitte et al., 2011; Liu et al., 2013; Díaz-Robles et al., 2014) . In addition, in cities highly contaminated with wood smoke from firewood, an important size fraction, between 70-85%; of total particulate matter is UFP (Lightya et al., 2000; Chang et al., 2004; Hosseini et al., 2010) .
In Chile, the current regulation establishes maximum limits of PM 10 , which in 24 hours corresponds to 150 µg/m 3 and as an annual medium 50 µg/m 3 , while for PM 2.5 , regulations in Chile limit the 24 hour maximum to 50 µg/m 3 and annually of 20 µg/m 3 . These are quite reasonable limits from the populational health protection point of view.
The objective of the present study was to determine the relationship between PM 10 air pollution and health effects measured as the daily number of deaths and hospital admissions for cardiovascular and respiratory causes in a wood-smoke polluted city and a multisource air-polluted urban area. The APHEA-2 protocol was followed, and a multivariate Poisson regression model with gam.exact algorithm was fitted, controlling for trend, seasonality, and confounders for Temuco and Pudahuel during [2001] [2002] [2003] [2004] [2005] [2006] .
METHODOLOGY
With the intention of obtaining the mortality and hospital admission relative risks (RR) of the population in Pudahuel and Temuco when exposed to acute concentrations of PM 10 , three stages were planned; (a) collection of health data and air quality, (b) statistical processing of health and air quality information, and finally, (c) model development and relative risk estimation by type health effects and susceptible groups.
Health and Air Quality Data Collection
Death and hospital admission data were collected from the Statistics and Health Information Department (DEIS in Spanish) of the Health Ministry of Chile for each county from 2001 to 2006. This data was separated into three age groups, those under and equal to 5 years old (G1), older than 5 years old and younger and equal to 15 years old (G2), older than 15 years old and younger than and equal to 65 years old (G3), and older than 65 years old (G4), (Table 1) . For these urban areas, a 7.8% and 8.5% of the population was from G1, a 19.7% and 20.9% from G2, 65.5% and 65.7% from G3, and 6.9% and 4.9% from G4, to Temuco and Pudahuel, respectively.
For these data, deaths and hospital admissions were considered that were caused by cardiovascular, respiratory and external diseases. In particular, digestive causes were used as a control in the statistical model. For cardiovascular causes, the age groups were considered that suffered from circulatory system illnesses (International Classification of Diseases (ICD), Chapter 10, I classification, ICD-10). For respiratory causes, the effects were considered for the same age groups, taking into account the diagnostics that corresponded to the J classification of the ICD-10. In addition, and for a specific analysis of mortality and hospital admissions, the following groups of specific cardiovascular causes were included from the ICD:
For the rest of the mortalities and hospital admissions, the following categories were considered, according to pathology:
Other causes: (code "O") includes all of the diagnostics of ICD-10 coded in A00-B99, C00-D48, D50-D89, E00-E90, F00-F99, G00-G99 (except those coded under the codes G45 and G46 which are included in the analysis of cardiac affections) H00-H59, H60-H95, L00-L99, M00-M99, N00-N99, O00-O99, P00-P96, Q00-Q99, R00-R99, Z00-Z99, Table 1 . Age group classification. Group Code < 5 years G1 ≥ 5 and ≤ 15 years G2 ≥ 16 and ≤ 65 years G3 > 65 years G4 Total T U00-U99. External causes (code "E") includes all of the diagnostics coded in S00-T98 and V01-Y98 del ICD-10 Finally, numerical information was collected on the number of deaths and hospital admissions for gastrointestinal causes (K classification of the ICD-10); for the same age groups mentioned, in such a way that they were incorporated into the daily base. The pathology type K was utilized as a control in the statistical model. In Tables 2 and 3 the codes are summarized, as well as the description of each mortality and hospital admission by age group.
The PM 10 and meteorological data summarized from Tables 4 to 7 were collected from monitoring stations available at Pudahuel and Temuco counties. The meteorological data included temperature, relative humidity, and wind speed.
Analysis and Statistical Processing of Health Information and Air Quality
The databases of the health and air quality time series were processed using an imputation data analysis and outliers assessment. Then metrics of the variables studied was built, including distribution analysis, time series, seasonality, maximum, minimum, percentiles, among others. The result of this first stage was the structuring of a global daily database of all the variables. The software used was JMP version 7.1. The APHEA-2 and the Spain Multicenter Study for Air Pollution and Morbidity-Mortality (EMECAM) protocols were used as guidelines for this study. These procedures involve a standardized approach to specify a multivariate Poisson regression model to assess air pollution and weather effects while controlling for trends and season using GAM parameterization (Katsouyanni et al., 2001; Dominici et al., 2005; Peng et al., 2006; Sanhueza et al., 2009) to estimate the increased risk for adverse health effects associated with increased air pollution on a short term basis.
Multiple regressions can be linear or nonlinear, depending on the characteristics of the relationships between variables, which can be checked step by step through the process with non-parametric regression using GAM techniques that have the following general form:
where: u: Health effect, mortality or morbidity a i :
Model adjustment coefficients T:
Trend variables S:
Seasonal Variables M:
Meteorological Variables P:
Other pollutants (NO 2 , O 3 , SO 2 , CO) Cont: Pollutant of concern (PM 10 o PM 2.5 ) β:
Coefficient of the pollutant of concern f: Function obtained from non-parametric analysis.
In the case of meteorological variables, cubic spline smooth functions were used, with 4 degrees of freedom for temperature, and 2 degrees of freedom for the other meteorological variables ε:
Error term The relative risk (RR) is the risk increase associated with a rise of 10 µg/m 3 in PM 10 or PM 2.5 levels compared to baseline, and it is obtained as follows.
Finally, excess risk (ER) corresponds to the percentage increase of events (mortality or morbidity) associated with an increase in the concentrations of PM 10 or PM 2.5 respect to a baseline. The ER is obtained as follows.
The data was analyzed using multivariate Poisson regression fitted with S-Plus 8 software (Insightful Corporation) with the gam.exact algorithm. Trend and seasonality were introduced first and then the meteorological variables and 
RESULTS AND DISCUSSION
In Chile there are few epidemiological studies to establish the link between air quality and health, most of them made in Santiago and Temuco, but studies with gam.exact algorithm are scarce. This algorithm was developed to implement the expensive computation of the exact asymptotic standard error (Dominici and Burnett, 2003) . Its use allows a more robust assessment of uncertainty of air pollution health effects.
Since the year 1995, more than 35 investigations have been published about mortality and morbidity and their association with atmospheric pollution by PM 10 , PM 2.5 , and other atmospheric pollutants in Chile. Sanhueza et al. (2009) carried out a complete and comprehensive revision of the state of the art from the principal studies done in Chile between 1995 and 2007. Since 2008, studies have been published with new evidence associated with atmospheric pollution and mortality in Chile.
In effect, a study realized in 3 Latin American cities, and using a Poisson semi-parametric regression with confounding adjustment, found that for increments of 10 µg/m 3 of PM 10 , the increase in risk for all non-external-cause adult mortality was 0.61% [95% IC (0.40%-0.83%)] for the city of Santiago, Chile (O'Neill et al., 2008) . Sanhueza et al. (2009) determined the relationship between air pollution from PM 10 and health effects measured as the daily number of deaths, hospital admissions, and emergency room visits for cardiovascular, respiratory, and acute respiratory infection (ARI) diseases. The APHEA-2 protocol was followed, and a multivariate Poisson regression model was fitted, controlling for trend, seasonality, and confounders for The results show that PM 10 had a significant association with daily mortality and morbidity, with the elderly being the group that presented the greatest risk.
Finally, a study found associations between elemental concentrations of ambient particles and cause-specific mortality in Santiago between 1998 and 2007 (Valdes et al., 2012) . They used a time series analysis controlling for time trends, day of the week, temperature, and relative humidity. The authors found significant effects of PM 2.5 on all the causes analyzed, with a 1.33% increase [95% CI (0.87-1.78)] in cardiovascular mortality per 10 µg/m 3 increase in the two days average of PM 2.5 . The authors suggested that PM 2.5 with high zinc, chromium, copper, sodium, and sulfur content have stronger associations with mortality than PM 2.5 mass alone in Santiago, Chile.
Our results of Table 8 show that PM 10 had a significant association with daily mortality, with the elderly (G4) and younger population (G1) being the groups that presented the greatest risk, mainly for Temuco, although this city had better ventilation than Pudahuel (Table 5 ). The RR for cardio respiratory causes in G4 (MCRG4), increasing 10 µg/m 3 of PM 10 , was 1.0086, with a 95% confidence interval (CI) (1.0007-1.0165) for mortality in Pudahuel and 1.0126 [95% CI (1.0004-1.0250)] in Temuco. It is important to note that the ER for MCRG4 was 1.26 for Temuco, 46.5% higher than the value of Pudahuel of 0.86. Our ER also was higher than the value of 1.11 estimated by (Sanhueza et al., 2009) For Temuco hospital admissions shown in Table 9 , the main RR resulted significant for the HACOPD five days after the increase of 10 µg/m 3 of PM 10 (lag 5); for the ischemic cardiac disease (HAEIC) (lag 5); for cardiorespiratory disease of group 4 (HACRG4) (lag 4); and for the respiratory disease of group 4 (HARespG4) (lag 4) with RR of 1.0198 [95% IC (1.0030-1.0369)], 1.0034 [95% IC (1.0004-1.0064)], 1.0079 [95% IC (1.0010-1.0148)], and 1.0030 [95% IC (1.0000-1.0060)], respectively. Our ER results for HARespT, HARespG4, and HACRT at Temuco were lower than those estimated by (Sanhueza et al., 2009) , using gam.exact and increasing 10 µg/m 3 of PM 10 . This difference may be due to they used just 5 years of data instead of the 7 we used to estimate the RR, increasing their level of uncertainty due to the size of their data (Dominici et al., 2003) .
On the other hand, for Pudahuel the main RR resulted significant for the HACOPD (lag 2); for the respiratory disease of group 3 (HARespG3) (lag 1); for specific cardiovascular disease (HACVD) (lag 1); and Significant risks of hospital admissions in the group of children younger than 5 years of age (G1) were not found for both Temuco and Pudahuel. This behavior may be because the daily cases are very scarce and usually children recover at home, especially for respiratory diseases. Finally, the estimated relative risks for digestive diseases were not statistically significant when they were correlated with daily PM 10 exposure, strengthening our results for respiratory and cardiovascular causes.
The possible difference in the levels of relative risk between both cities can be due to the origin of the pollution by particles. The pollution in Temuco is primarily from residential wood smoke, and in Pudahuel, the pollution is from mobile and industrial sources. In fact, the 2010 emission inventory of Temuco indicates that 96% of the total PM 2.5 came from the residential wood combustion, being the contribution of mobile sources and point sources, less than 2 and 3%, respectively (CENMA-CONAMA, 2010). On the other hand, the main 2005 contribution of PM 2.5 in the Metropolitan Area of Santiago, where Pudahuel is allocated, came from motor vehicles (37.3%, most of them diesel buses and trucks), industrial sources (27.0%), agricultural and residential wood burning (20.1%), and area sources (15.6%). Part of this PM 2.5 comes from marine aerosols and soil dust (CONAMA, 2005; Jorquera and Barraza, 2012) . It is important to mention that over a span of 20 years, allowable diesel sulfur content has been steadily reduced from 5,000 to 50 ppm, and lead was entirely removed from gasoline in 2001 (Jhun et al., 2013) .
The burning of firewood generates much finer particles, whose chemical composition contains high levels of toxic organic compounds and other irritants, such as acrolein (Gaeggeler et al., 2008) , which is an aldehyde, highly irritant to the respiratory pathway (Gilbert et al., 2005; Seaman et al., 2009) . Another toxic compound found in wood smoke is benzo [a] pyrene from the family of polycyclic aromatic hydrocarbons (PAH) (Nussbaumer and Hasler, 1999; Tsapakis et al., 2002; Nussbaumer, 2003; Lewtas, 2007; Bari et al., 2011; Cereceda-Balic et al., 2012 (Sienra et al., 2005) . These results establish that in cities where residential wood combustion is massively used (more than 80% of the population), the levels of PAHs in particulate matter were higher than those found for the city of Santiago, where the Pudahuel is located.
A recent study suggests that particles from mediumtemperature combustion of the wood stoves have a higher toxic and inflammatory potential than particles from more complete combustion conditions (Bolling et al., 2012) . This study concluded that a differential deposition of PM from varying combustion conditions might influence the deposited dose. In order to properly evaluate the relative toxicity of RWC soot particles from varying combustion conditions it is consequently of major concern to perform more inhalation studies, mainly because the inhabitants of Temuco and from other Chilean wood smoke polluted cities use wet wood for RWC and have bad habits to operate their wood stoves. Finally, an important review indicated that a number of the PAH and substituted PAH components are significant sources of human exposure to mutagenic and carcinogenic chemicals that may also cause oxidative and DNA damage that can lead to reproductive and cardiovascular effects (Lewtas, 2007) .
Apart from the differences in chemical composition of the particles, the cities polluted from RWC present a larger proportion of fine, UFP, and soot than in other contaminated cities (Krecl et al., 2008a, b; Bari et al., 2010 Bari et al., , 2011 . For this reason, cities that use firewood as a principal source of heat and fuel for cooking, have a larger health risk for the population, given that UFP penetrate deeper into the respiratory system. This larger proportion of UFP in Temuco could explain its higher toxicity in relation to Pudahuel. In fact, the annual average ratios of PM 2.5 /PM 10 in those two cities are 0.6907 and 0.4458, for Temuco and Pudahuel, respectively (SINCA, 2014) , indicating that a higher ratio would imply a greater inhaled dose of fine particles in Temuco over Pudahuel. Both cities are urban environment where workers spend more time indoor than outdoor; however, the air of Pudahuel is impacted with its own and surrounding industries and mobile sources and Temuco is definitively impacted by its residential wood combustion sources, where the indoor air pollution could be higher than outdoor. On the other hand, and in terms of health care, the quality and access to centers and health services in Chile have a high standard, having minimal differences between Pudahuel and Temuco centers, especially for public health.
In addition, the percentage of population older than 65 years old was slightly higher in Temuco (6.9%) than Pudahuel (4.9%) during the study period, having more cases of mortality and morbidity in this group in Temuco than Pudahuel. The age distribution of the other groups was more similar between these two cities. The population of Temuco lives in a city with better ventilation but colder and more polluted with PM 10 than Pudahuel. In fact, the particulate matter air pollution has improved in Pudahuel during 2001 to 2006 (Fig.1) , having less days over the Chilean standard; but for Temuco the air pollution due to PM 10 has worsened, having several environmental emergency and pre-emergency days during that period.
The results of this current study are consistent with those of comparable studies in other similar cities where wood smoke and mobile sources are the most important air pollution problem.
In fact, a study in Christchurch, New Zealand, where the PM 10 air pollution predominantly arises from the residential wood combustion, found an ER of 3.37% (95% CI: 2.34%, 4.40%) in total respiratory admissions and 2.86% (95%: 1.23%, 4.49%) for elderly respiratory admission per interquartile increment in PM 10 of 14.8 µg/m 3 at a lag of 2 days (McGowan et al., 2002) . That study also found an association with total and elderly cardiac hospital admissions of 1.26% (95%: 0.31, 2.21%) and 1.22% (95%: 0.11, 2.33%), respectively. but they did not found other cardiac diagnoses, while a later study in 7 cities of Australia and New Zealand found association with cardiac and cardiac failure admissions per interquartile increment in PM 10 of 7.5 µg/m 3 at a lag of 1 day in the population older than 65 years only (Barnett et al., 2006) , whose ER were 1.1%(95%: 0.2%, 2.0%) and 3.4% (95%: 2.1%, 4.7%), respectively. They also found association with ischemic heart disease, cardiac, cardiac failure, myocardial infarction, and total cardiovascular disease and PM 2.5 for elderly (Barnett et al., 2006) . A similar study from Sydney, Australia, compared associations between cardiorespiratory hospitalizations and PM 10 resulting from wood smoke with associations between these results and PM 10 derived from other sources (Morgan et al., 2010) . They apportioned ambient PM 10 on biomass fire days into particulates resulting from biomass combustions and particulate matter from other sources. The authors found an ER of 1.24% (95% CI: 0.22%, 2.27%) for all respiratory hospital admissions per 10 µg/m 3 PM 10 increment due to biomass burning at lag 0. They did not find an association between cardiovascular outcomes and biomass smoke. Finally, a study from Darwin, Australia, compared associations between cardiorespiratory hospitalizations and PM 10 resulting from vegetation fire smoke from 1996 to 2005 (Hanigan et al., 2008) . They found positive associations between respiratory disease and PM 10 but not with cardiovascular disease; however, their estimates had wide confidence intervals.
The magnitude of the point estimates for all hospital admissions from our study, the studies discussed above, and other studies in association with biomass smoke (Lipsett et al., 1997; McGowan et al., 2002; Barnett et al., 2005; Barnett et al., 2006; Naeher et al., 2007; Hanigan et al., 2008; Ostro et al., 2008; Sanhueza et al., 2009; Morgan et al., 2010; Clark et al., 2013) , are quite comparable with the multi-city studies (Samet et al., 2000; Le Tertre et al., 2002; Pope and Dockery, 2006) of associations between hospital admissions for cardio respiratory diseases with positive associations for a 10 µg/m 3 change in ambient PM 10 from 0.34% (HAEIC) to 1.98% (HACOPD), with lags between 4 and 5 for Temuco. These values for elderly are lower than those from the McGowan et al. (2002) ; this difference may be due to the elderly percentage living in Temuco are almost half of those living in Christchurch. Finally, the magnitude of the point estimates for all cardio respiratory hospital admissions from our study are comparable with those from the multi-city studies, where the ER values were from 0.66% to 0.97%, with lags between 1 and 3.
On the other hand, the aim and design of this study for mortality were similar to those summarized in a Critical Review for different cities (Pope and Dockery, 2006) . The results shown here for particulate matter pollution in terms of elderly cardio respiratory mortality (ER = 1.26%) were quite similar to those published in (Pope and Dockery, 2006) , which ranged from 0.6% to 1.5%: However, the values found in Ostro et al. (2008) for 6 Californian counties were quite different (3%-5%) for cardio respiratory mortality, since these authors used just 3 years statistical modeling. It could be corroborated on their wide estimated confidence intervals.
The greater magnitude of adverse cardio respiratory effects reported in studies specifically examining wood smoke might reflect a true difference in the adverse outcomes associated with this source of particulate matter. Nevertheless, these studies of wood smoke are usually conducted in cities with around short episodes of extreme exposures and/or small population, and their results certainly have more uncertainties than those from multi-city studies, making a challenge their direct comparison and interpretation.
Finally, we cannot discard the possibility that this difference in risks between Temuco and Pudahuel is due to the artifacts of the statistical method that can originate from a difference in the representatively of the outdoor exposure given by the measurements of PM 10 in monitors in both cities, and the susceptibility of the population. An intercomparison between different statistical methods could help to discard the possibility of artifacts among them, mainly considering the source apportionment of each studied city. In addition, future analyses should consider indoor exposure, especially in cities with high particulate matter pollution from the residential burning of firewood.
CONCLUSIONS
Significant statistical associations were found between daily PM 10 concentrations and mortality and morbidity at Temuco and Pudahuel for respiratory and cardiovascular diseases, mainly in elderly populations.
The results suggest that RWC may be responsible for increased risk in an urban area. This has an important implication in relation with the size and chemical composition of the particles, but also for monitoring, control strategies, and soot regulations. Policy-makers should take into account these aspects along with social and economic considerations if protection of the public health is one of their major concerns, especially for susceptible groups, such as children, the elderly, and those with chronic diseases.
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